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for nanoelectrode. In g,h,i), frequency ranges from 1 Hz to 100000 Hz for macro-and microelectrode; and 0.1 Hz to 10000 Hz for nanoelectrode are applied with a signal amplitude of 5 mV).
It was extremely different from the diffusion models on the electrode with different dimension sizes. Figure S1a -c give the changes in mass transport from one-dimensional linear diffusion for conventional macroelectrode (2-mm-diameter gold electrode) to multidimensional radial diffusion for nanoelectrode (400-nm-diameter gold electrode).
[1]
Meanwhile, linear diffusion may result in a classical CV curve, and radial diffusion leads to a steady-state and attains an ideal sigmoidal shape, [2] just as shown in Figure S1d -e. In detail, obvious reverse peak currents were observed for macroelectrode and nearly sigmoidal shape with small reverse appeared for microelectrode (25-μm-diameter gold electrode), whereas an ideal sigmoidal shape was presented at nanoelectrode. The reduction in dimension of electrode from macro-to nano-sizes resulted in the decrease in the current by almost four orders of magnitude. This would cause a corresponding increase in the electrochemical resistance ( Figure S1g-i) . The impedance behaviors of 2-mm, 25-μm, and 400-nm-diameter gold electrode before and after modification with mercapto-β-CD SAMs were characterized with electrochemical impedance spectroscopy. As shown in Figure S2 , more obvious changes on the electrontransfer resistance, R et , can be observed with the reduction in electrode dimensions. Moreover, based on the changes in R et before and after modification, the surface coverage θ can be calculated by the following equation: [3] . mod , It is known that the preconcentration time would affect the amount of gust molecules accumulated onto electrode surface, which was closely associated with the detection limit and sensitivity. In order to achieve the better sensitivity for ultratrace POPs detection at mercapto-β-CD modified electrode, the preconcentration time ranging from 0.5 to 3 h was optimized in solution containing PCB-77 over a concentration range. As depicted in Figure S3 , with the increase of preconcentration time from 0.5 to 1 h, the sensitivity of PCB-77 increased and reached a maximum at 1 h, which was attribute to the increased amount of gust molecules that captured on the modified electrode surface. When the preconcentration time further increased up to 3 h, slight fluctuation without increasing in sensitivity was observed. The results indicated that the an equilibration was reached between gust molecules and host molecules (β-CDs) within 1 h. Therefore, 1 h was chosen as optimized preconcentration time for further analysis. On the basis of the results, the alkaline solution with pH 11.0 can be selected for impedimetric analysis of Pb(II) and the other bivalent metal ions Figure S8 . Stability of mercapto-β-CD modified 25-μm-diameter gold electrode in NaOH solution with a) pH=7.0 and b) pH=11.0 monitored by electrochemical impedance. In the insets a,b), dependency of the immerging time on the corresponding EIS response, respectively.
The stability of mercapto-β-CD modified 25-μm-diameter gold electrode was examined to check out its efficiency. Figure S8 shows the EIS response of freshly prepared mercapto-β-CD modified gold electrode after immersing in solutions of pH=7 and pH=11 over a different time, in which the immersion-detection cycling were carried out with repetitive intervals as 1 h. As shown, no obvious changes occurred before and after immersing in solutions (pH 7.0, (Figure S9c and d) . We suggested that the thiolated SAMs chemisorpted on gold electrode surface may undergo desorption by breaking Au-S bond in strongly alkaline solutions. [5] Hence, considering the stability of mercapto-β-CD modified electrode, it was not suitable for application in strongly alkaline solutions. Alternatively, the pH value of the test solution should be adjusted less than 12 before each electroanalysis. The effect of Hg(II) on the impedance behavior of mercapto-β-CD modified 25-μm-diameter gold electrode was investigated as well. Figure S10 shows the EIS response after a preconcentration of Hg(II) over a different concentration (from 0 to 8μM) in solution (pH 11.0). With the increase of Hg(II), an obvious decrease in R et was observed. The surface coverage θ decreased by 66.23% when the concentration of Hg(II) was up to 8 μM ( Figure   S10b ). It has been reported that Hg(II) was capable of removing the -SH chemisorpted on the gold surface, [6] which would decompose of Au-S bond between gold electrode and mercapto-β-CD. As a result, the presence of Hg(II) could seriously damage of mercapto-β-CD SAMs on gold electrode surface and lead the instability of the modified electrode. 
